One hundred and sixty core samples were analyzed from Hole 832B to evaluate planktonic foraminiferal datum levels, and to zone and correlate the borehole succession. A total of 32 biostratigraphic events were recognized in the interval from Core 134-832B-59R through 134-832B-73R (702.49 through 846.4 meters below seafloor [mbsf]). These include 17 first appearance datum levels (FAD), 10 last appearance datum levels (LAD), and 5 coiling-change events in trochospiral species.
INTRODUCTION
The main aims of this study are to evaluate the datum levels of important planktonic foraminiferal species from the Miocene to Pliocene in the North Aoba Basin, and, by application of planktonic foraminiferal biostratigraphy, to constrain the age of the foraminiferal succession at Site 832. This work will contribute to one of the objectives of ODP Leg 134 Site 832: unravelling the tectonic evolution of the intra-arc basin. It will also improve the understanding of the uppermost Miocene to Pliocene planktonic foraminiferal biostratigraphic sequence in low-latitude areas of the southwest Pacific region.
The Neogene planktonic foraminiferal datum planes at mid and low latitudes in the southwest Pacific were summarized by Srinivasan (1981b, 1984) and discussed further by Srinivasan and Sinha (1991) . Their work involved evaluation of datum levels in samples recovered from Deep Sea Drilling Project (DSDP) holes and showed that the stratigraphic ranges of many species vary between different latitudinal (climatic) belts. Kennett and Srinivasan (1984) recognized three faunal provinces in the southwest Pacific region: equatorial (e.g., DSDP Site 289), subtropical (e.g., DSDP Site 208), and transitional (e.g., DSDP Site 206). The latitude of North Aoba Basin is between that of Sites 289 (Ontong Java Plateau) and 208 (Lord Howe Rise).
Site 832, located at 14°47.78'S, 167°34.35'E ( Fig. 1 ) in the North Aoba Basin, was selected for this study because of its thick and relatively undisturbed succession of calcareous and volcanic facies. Hole 832B penetrated sedimentary strata to a total depth of 1106.7 meters below seafloor (mbsf), and this study is based on the foraminiferal assemblages recovered from lithostratigraphic Units V, VI, and VII of Collot, Greene, Stokking, et al. (1992) . Lithostratigraphic Unit V is a 163.7 m thick foraminiferal, nannofossil, or silty limestone with occasional layers of vitric ash; Unit VI is a 86.9 m thick lithified volcanic sandstone; and Unit VII is a 154.1-m-thick breccia composed of 60% lithified basaltic breccia and 40% lithified volcanic sandstone and siltstone containing neritic bioclasts, including corals, algal fragments, and larger foraminifers (i.e., Amphistegina spp., Lepidocyclina sp., Miogypsina spp.).
The uppermost Miocene and Pliocene sediment contain abundant and well-preserved planktonic foraminifers and provide an ideal faunal succession for the study of biostratigraphic events. The top of the main section studied (encompassing lithostratigraphic Unit V) was chosen at 702.49 mbsf to coincide with an unconformity revealed by the seismic reflection data, and the bottom at 846.4 mbsf lies just above a possible unconformity at a level where many of the important foraminiferal species disappear downsequence. Within lithostratigraphic 
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nit V, the occurrence of abundant large planktonic foraminifers and the presence of Uvigerinα hispidocostαtα, Cibicides wuellerstorfi> Melonis pompilioides, and Pyrgo murrhinα among the benthonic species suggest that deposition occurred within the lower bathyal zone. Below 846.4 mbsf (in lithostratigraphic Units VI and VII), few samples yielded foraminifers; these are analyzed to determine the age of the succession in this sparsely fossiliferous interval.
MATERIALS AND METHODS
This study is based on 160 friable core samples collected from Hole 134-832B. One hundred and sixteen samples yielded sufficient foraminiferal assemblages for biostratigraphic analysis. Samples were disaggregated by boiling with added detergent solution, and sieved through a 63-µm screen. Washed residues from the 63-µm sieve were used for the foraminiferal analysis. Index planktonic foraminiferal species were selectively picked and estimates of abundance were made (see explanation of Tables 1 and 2 ). The species were photographed using a Phillips 505 scanning electron microscope. All the specimens illustrated on Plates 1 through 6 are housed in the micropaleontological collections of the Department of Geology, University of Western Australia, Perth.
BIOSTRATIGRAPHIC ZONATION
The tropical N. zonation of Blow (1969) , as amended by Kennett and Srinivasan (1983) , with some modifications suggested by other workers, forms the biostratigraphic framework for this study. The chronometric scale and chronostratigraphy of Berggren et al. (1985) is applied to the succession. The taxonomic concepts and species nomenclature of Kennett and Srinivasan (1983) are followed, unless otherwise stated.
Several authors have suggested some modifications to the definition of zonal boundaries. The ones important for this study are the N.22/N.21 boundary and the N.20/N.19 boundary. The boundary of Zone N.22/N.21 is defined by the first appearance of G. (T.) truncatulinoides. In a comparison of distributions within DSDP holes in the Pacific, Hills and Thierstein (1989) demonstrated that the first appearance datum of G. (T.) truncatulinoides was diachronous, being oldest in the southwest Pacific region. Chaproniere (1991) retained G. (T.) truncatulinoides as the marker species for Zone N.22/N.21 boundary. He argued that the age of first appearance of G. (T.) truncatulinoides marking the zonal boundary was consistent within global low latitudes. Because the fauna of Site 832 seems similar to equatorial province assemblages of the western Pacific, the N.22/N.21 boundary based on the FAD of G. (T.) truncatulinoides is considered a useful level for time correlation. Brönnimann and Resig (1971) suggested that Globorotalia acostaensis pseudopima Blow, whose first appearance Blow (1969) used to define the Zone N.20/N.19 boundary, ranged below N.I9 and, therefore, Zones N.I9 and N.20 could not be differentiated. Srinivasan and Kennett (1981a, their Fig. 11) separated Zone N.19-20 from Zone N. 19 by the LAD of Globorotalia (Hirsutella) margaritae Bolli and Bermúdez. Heath and McGowran (1984) also recognized the boundary between Zones N.20 and N.I9 at the last appearance of G. (H.) margaritae. However, this species has not been found at Site 832. As indicated by Haig and Perembo (1990) , the first appearance of G. (T.) crassaformis s.s. seems to be coincident with the N.19-20/N.19 boundary of Kennett and Srinivasan (1983, their Fig. 16 ) and this level is taken as the boundary between Zones N.20 and N.19 at Site 832.
Planktonic Foraminiferal Zonation at Site 832 It is apparent from the foraminiferal assemblages that no indicator species from Zones N.14 through N.9 are present at Site 832. This suggests that the stratigraphic interval represented by Zones N.14 through N.9 may be missing from the Hole 832B succession. The sediments from 971.80 to 1008.60 mbsf belong to Zone N.8, as indicated by the presence of G. sicanus and Praeorbulina transitoria (Blow) , and the absence of Orbulina spp.
COMPARISON OF BIOSTRATIGRAPHIC EVENTS
The succession of biostratigaphically important events at Site 832 is discussed below in descending stratigraphic order, and their stratigraphic distribution is charted in Figure 2 . The events are numbered 1 through 32 in the text and on the figure and include first appearance datum levels (FAD), last appearance datum levels (LAD), and changes in coiling direction among trochospiral species. Full species nomenclature is given in the Figure 2 caption The abundance downsequence decreases dramatically in populations of G. (Z.) nepenthes at 840.93 mbsf, followed by S. seminulina seminulina and S. kochi at 846.40 mbsf. Also noticeable at 846.4 mbsf is the downhole disappearance of many of the overlying important uppermost Miocene to Pliocene foraminifers. Below 846.4 mbsf in the volcanic sandstone unit the abundance of planktonic foraminifers decreases and datum levels cannot be precisely located.
As discussed below, some differences are apparent between the events charted by Kennett and Srinivasan (1983) Table 1 . Stratigraphic distribution of biostratigaphically important planktonic foraminiferal species from the uppermost Miocene to upper Pliocene. Relative abundance, diversity, and preservation are visually estimated, with relative abundance denoted as follows: A = abundant = greater than 10 specimens, C = common = 6-10 specimens, F = few = 3-5 specimens, and R = rare = 1-2 specimens. Preservation is indicated thusly: G = good, for specimens where all morphological features are distinct identifiable, M = moderate, for specimens where some features are difficult to recognize because of preservation, and P = poor, for specimens that are difficult to identify because of their state of preservation. Diversity in a total foraminiferal assemblage is estimated as high (H) for greater than 5 species, and low (L) for 1-5 species. 
cession in Hole 832B. The datum levels are also compared with the succession outlined by Berggren et al. (1985) and the datum levels previously recorded at western Pacific localities close to Site 832.
First Appearance Datum Levels
Compared to stratigraphic ranges recorded by Kennett and Srinivasan (1983) , the following species have anomalous first appearances in Hole 832B: P. obliquiloculata (in Zone N.21 rather than in Zone N.20), G. fistulosus (in Zone N.20 rather than in Zone N.21), P. praecursor (in Zone N.I8 rather than in Zone N.19), and G. (G.) tumida flexuosa (in Zone N.I 8 rather than in Zone N.19). Kennett and Srinivasan (1983, their 
Zone N.22, and from DSDP Sites 209 and 210 (Coral Sea) near the base of Zone N.21. The FAD of P. obliquiloculata is diachronous within the southwest Pacific region. In Hole 832B, the FAD of G. fistulosus occurs near the top of Zone N.20. Berggren et al. (1985) estimated an age of 2.9 Ma for this event within Zone N.21. Kennett and Srinivasan (1983) placed the FAD of G. fistulosus also in the middle part of Zone N.21; whereas Kennett (1973) Kennett and Srinivasan (1983) G. fistulosus has a very short stratigraphic range (within Zone N.21). It occurs over a short interval between 733.00 and 743.90 mbsf in Hole 832B. Its occurrence within the upper part of Zone N.20 at this site may be due to downhole contamination as the sediments are disturbed by numerous fractures and are heavily bioturbated (Collot, Greene, Stokking, et al., 1992, p. 467, 924) . If contamination is the cause of the early incoming of G. fistulosus in the study area, then the FAD of G. fistulous may be reliable for the time correlation in the southwestern Pacific.
At Site 832, the FAD of/? praecursor lies within Zone N. 18, below the FAD of 5. dehiscens at the Zone N.19/N.18 boundary and above the FAD of G. (G.) tumida tumida at the Zone N. 18/N. 17B boundary. Kennett and Srinivasan (1983) placed the FAD of P. praecursor near the base of Zone N.19. Its position in Hole 832B may be because of 
Last Appearance Datum Levels
The following species have anomalous last appearances in Hole 832B when compared to stratigraphic ranges recorded by Kennett and Srinivasan (1983) : D. altispira altispira (in Zone N.20 rather than in Zone N.21), P. praecursor (in Zone N.20 rather than in Zone N.21), Kennett and Srinivasan (1983) . Chaproniere (1991) recorded this species occurring with G. (T.) truncatulinoides and suggested that it ranges to within the basal part of Zone N.22. Berggren et al. (1985) estimated an age of 2.9 Ma near the base of Zone N.21 for the LAD of D. altispira altispira; Kennett and Srinivasan (1983) also placed the LAD of D. altispira altispira just above the base of Zone N.21; and Heath and McGowran (1984) recognized the datum within Zone N.21. Kennett (1973) Table 2 . Stratigraphic distribution of biostratigaphically important planktonic foraminiferal species from the lowest middle Miocene to upper Miocene; their relative abundance, diversity, and preservation are visually estimated, with relative abundance denoted as follows: A = abundant = greater than 10 specimens, C = common = 6-10 specimens, F = few = 3-5 specimens, and R = rare = 1-2 specimens. Preservation is indicated thusly: G = good, for specimens visually identifiable, M = moderate, for specimens with some problems in distinguishing, and P = poor, which are very difficult to discriminate between individual taxa. Diversity in a total foraminiferal assemblage is estimated as high (H) for greater than 5 species, and low (L) for 1-5 species. Kennett and Srinivasan (1983) placed the LAD of P. praecursor near the top of Zone N.21, and Chaproniere (1991) placed this datum within Zone N.22. The LAD of P. praecursor therefore appears to be diachronous in the studied region. The ancestral P. praecursor gradually evolves into the more advanced P. obliquiloculata by becoming more involute, and therefore its LAD position is difficult to recognize at a consistent level.
890-

900-
-
940-
950
The Berggren et al. (1985) estimated an age for the LAD of Sphaeroidinellopsis spp. at 3.0 Ma near the base of Zone N.21. In the range chart of Kennett and Srinivasan (1983) , the LAD of S. paenedehiscens is positioned in the upper part of Zone N. [19] [20] , and the LAD of S. seminulina seminulina in the middle part of Zone N.21. Srinivasan and Sinha (1991) regarded the LAD of Sphaeroidinellopsis as nearly synchronous in the southwest Pacific region. However, the low position of the LADs of S. seminulina seminulina and S. paenedehiscens in Hole 832B when compared to other records in the western Pacific region suggest that these datum levels cannot be used for time correlation at the studied site.
The LAD of P. primalis is located near the top of Zone N.19 in Hole 832B, below the FAD of G. (T.) crassaformis s.s. at the Zone N.20/N.19 boundary, and above the FAD of S. dehiscens at the Zone N.19/N.18 boundary. Berggren et al. (1985) estimated an age for the LAD of P. primalis at 3.5 Ma within Zone N.20. Kennett and Srinivasan (1983) placed the LAD of P. primalis within . Pulleniatina primalis is distinguished as the ancestor of P. praecursor by its less developed cortex and less pronounced streptospiral coiling. Because it is difficult to distinguish these species in a consistent way at different sites, slight differences in the positioning of the LAD of P. primalis may occur in different studies.
In Hole 832B, the LAD of G. (Z.) nepenthes is located at the Zone N.19/N.18 boundary, well above the FAD of G. (G.) tumida tumida at the Zone N.18/N.17B boundary and coincident with the FAD of S. dehiscens. Berggren et al. (1985) estimated the LAD of G. (Z.) nepenthes at 3.9 Ma within Zone N.20. Kennett and Srinivasan (1983) Kennett (1973) , whereas Heath and McGowran (1984) placed it in the upper part of Zone N.19 at Site 289. Srinivasan and Sinha (1991) showed the diachronous nature of the LAD of G. nepenthes in the low-latitude areas of the southwest Pacific, and therefore this datum is probably an unreliable time marker in the studied region.
The LAD of N. acostaensis lies near the top of Zone N.17B below the FAD of G.(G.) tumida tumida at the Zone N. 18/N. 17B boundary, and above the FAD of P. primalis at the Zone N. 17B/N. 17 A boundary at Site 832. Kennett and Srinivasan (1983) placed the LAD of N. acostaensis near the top of Zone N.I9-20 (stated in their text as in Zone N.20). Neogloboquadrina acostaensis is distinguished as the ancestor of N. humerosa by having less chambers in the final whorl, closed umbilicus, and a distinct apertural plate. Because it is difficult to distinguish these species in a consistent way at different sites, slight differences in the positioning of the LAD of N. acostaensis may occur in different studies.
The extended stratigraphic ranges of G. (G.) tumida flexuosa and N. humerosa in Hole 832B may be because of reworking in this tectonically active basin, or due to taxonomic problems similar to those discussed above for P. praecursor. Therefore the LADs of these species may be unreliable for time correlation in Hole 832B.
Coiling Changes
In Hole 832B, a coiling change downsequence from sinistral to dextral in the assemblages of G. Although Heath and McGowran (1984) recognized in assemblages of Globorotalia cultrata s.l. and Globorotalia tumida s.l. changes downsequence from sinistral to dextral within zone N.I7, and from dextral to sinistral near the base of zone N.17; much more data on the changes in the coiling directions of trochospiral species are required before these levels can be compared and evaluated for use for time correlation in the southwest Pacific region.
AGE OF UNITS AND DISCUSSION
At Site 832, the zonal index species (e.g., G. (T.) truncatulinoides,  G. (T.) tosaensis, G. (T.) crassaformis s.s., S. dehiscens, G. (G.)  tumida tumida, P. primalis, N. acostaensis, G . nepenthes and G. sicanus) are found in their expected stratigraphic order. Therefore the borehole succession can be subdivided into planktonic foraminiferal zones widely recognized throughout the southwest Pacific (as discussed above). An evaluation of 32 datum levels suggests that the following may be the most reliable tie points to the chronometric scale of Berggren et al. (1985) Based on the chronometry of datum levels listed above, lithostratigraphic Unit V accumulated at about 30 m/m.y. However this may be an underestimation because a number of datum levels ranging from 2.9 Ma to 5.1 Ma occur within a structurally deformed zone between 740 and 760 mbsf.
Lithostratigraphic Unit VI from 865,7 to 952.6 mbsf and lithostratigraphic Unit VII from 952.6 to 971.8 mbsf are earliest late Miocene in age. The oldest sediments in Hole 832B belong to lithostratigraphic Unit VII, mainly volcanic sandstone, from 971.8 to 1106.7 mbsf. Samples collected below 1008.6 mbsf did not yield foraminifera and therefore the age of the lowest portion of the cored section is indeterminate, whereas similar sediments between 1008.6 to 971.80 mbsf contain a sparse assemblage of planktonic foraminifera indicating an earliest middle Miocene age. This determination is supported by the occurrence of larger benthonic foraminifers Lepidocyclina sp., Miogyspina spp. and Amphistegina spp. within this interval. The larger foraminifers are indicative of lower Tf Letter Stage (Adams, 1984) and are considered contemporaneous with basin deposition but transported from an adjacent neritic environment.
The abrupt increase during the latest Miocene in abundance upsequence of planktonic foraminifers (at 846.40 mbsf) corresponds with the increase in calcareous sediment, and may indicate either deepening of the basin, increase in productivity of calcareous plankton, decrease in volcanoclastic sedimentation, or a combination of these. The introduction of warmer surface water conditions may be reflected by the incoming of abundant keeled Globorotalia close to the Miocene/Pliocene boundary (at 822.85 mbsf).
CONCLUSIONS
The interval between 702 and 1008.6 mbsf in Hole 832B is subdivided downsequence into Zones N.22, N.21, N.20, N.I9, N.I8, N. 17B, N. 16 to N. 17A, N. 15, and N.8 . In the planktonic foraminiferal succession in Zones N.22 through N.17B, 32 biostratigraphic events are recognized, and these are evaluated to determine their significance for time correlation. The positions of some datum levels in Hole 832B seem to have been affected by sediment mixing due to bioturbation or to structural disturbance (particularly between 740 and 760 mbsf). Therefore some of the first and last appearances of species in the hole may be diachronous when compared to these events elsewhere in the western Pacific.
Zonation and age determination of the borehole reveals the following:
1. The oldest sediments are mainly volcanic sandstone of earliest middle Miocene (planktonic foraminiferal Zone N.8) age or older.
2. An unconformity appears to be present near 971.80 mbsf and includes the Zone N.9 through N.14 interval (i.e., most of the middle Miocene), which has not been located in the drill section.
3. A change in depositional conditions occurred during the latest Miocene (at 846.40 mbsf, within Zone N.17), when an abundant assemblage of planktonic foraminifera first appears in the region. 
